Cancer of the cervix can now be prevented by vaccination against human papilloma virus. Demonstration projects have been successful but there are few reports of the challenges related to national school based programs. In conjunction with the Ministry of Health we conducted interviews and a household survey in three contrasting areas of Peru to obtain the perspective of different key actors. Of grade eligible girls 66% had received at least one dose, but 14% had discontinued. The main challenges were logistic: ensuring that that all schools participate; calculating the number of eligible girls; fitting the 3 doses into a 9m school year; written parental consent; coordination with schools; arrangements for a mopping-up strategy; combating discontinuation; reaching the distant and sparsely populated areas; and the additional work burden for health personnel. A lack of media information and educational materials left parents ill-informed but vaccine refusal was unusual. A two dose strategy will reduce the work load and cost but will not solve all the logistics problems. Ensuring an early start to the campaign based on estimated needs; a communication strategy to increase girls and parental motivation and community involvement are likely to increase coverage. Taking advantage of existing parent school interactions and considering "optout"would facilitate the consent process and, if acceptable, should be considered.
Introduction
Cancer of the cervix, the most common cause of cancer related deaths in women aged 15-44 years can now be prevented with vaccines against the human papilloma virus [1] .Two vaccines are licensed and now part of the national strategy in 64 countries [2] and reductions in cytological precursors of cancer have been reported [3, 4, 5] . In countries where the majority of children are in school, school-based vaccination programs have been the intervention of choice and these are now in place in many countries [6] . Some studies have examined these school based programs, comparing with health service based vaccination [7, 8] and have generally found them effective, often achieving more than 80% coverage. However, few have been in low or middle income countries, especially Latin America, and with one exception, a state wide HPV vaccination program through schools in Brazil, [9] these have been demonstration project or GAVI assisted programs.
In Peru a demonstration school-based vaccination successfully vaccinated 85% of girls [10] and in 2011 a national strategy of school based vaccination was started, problems with supply interrupted the program at first, but vaccination was renewed in 2015. We have undertaken a study to understand the factors that have determined vaccine uptake in the context of a recently starting national level school based program.
Methods

Design of the Study
The study was designed as an exploratory mixed-methods cross-sectional study to understand the factors that facilitated or hindered the performance of school-based HPV vaccination in Peru.
Following consultation with the Ministry of Health (MOH) we used a purposive sampling strategy to identify regions with varying reported coverage that included three geographically and socially different regions encompassing Amazon Rain Forest (Ucayali) ,mountains (Cusco) and coastal cities (Callao a province of Lima) and represented the challenge of implementing a schoolbased vaccination strategy..
Within each region, in discussion with the health authority, we purposefully selected two contrasting districts, in Ucayali, one rural and one urban, and in Cusco two different geographical areas. In each region we selected two health facilities that provided diverse vaccination scenarios and coverage, and within the catchment area of each health facility we selected one primary school. In Callao, which is entirely urban, we selected one district and two health facilities. In total we included 5 districts and 10 health facilities and schools.
Data Collection
Interview subjects
The study included in depth interviews to key actors at different levels of decision making including the National director, regional, district and local health facility vaccine strategy personnel. Two local public schools in each district were visited and the headmasters/mistresses, and the teachers of at least one 5th grade classes were interviewed.
To obtain information about the vaccination process in the school we asked teachers of 2-3 classes to select girls who had been vaccinated, and following parental consent we conducted focus groups with 5-6 girls. We used storytelling, drawing and discussion with the girls to understand the organization, processes and the reaction of the girls to the vaccination.
In total we interviewed 47 health personnel, 31 teachers, 14 mothers (excluding the survey) and 59 girls in focus groups and 6 representatives of the media, or people considered influential in the society.
Interview content
Interview guides were developed following specific hypotheses for each decision-making level. An example is given in (Figure 1 ) Interview guides based on these hypotheses were developed and field tested.
Interviews were conducted by anthropologists and were recorded, transcribed, and analyzed using N-Vivo. 
Household survey
We conducted a household survey in the health service catchment areas to provide access to parents' opinions and reasons for acceptance, refusal or discontinuation.
Based on local maps we identified urban areas expected to include 100-150 households, or rural villages, and then randomly selected the survey sites. In addition we added some rural and difficult access areas that had been challenging for the health personnel. In each site starting at a randomly selected point, households were visited in order, to identify school aged girls. As it became obvious that there was a wider than expected range of ages of girls who had been offered the vaccine, and as our purpose was to understand the reactions and motivations of parents with the respect to the vaccination, we expanded the criteria to include all girls who were currently, or the previous year, in 5th or 6th grade of primary school, or were aged 10 or 11 years. We asked their parents about their vaccination status and the reasons.
Ethics: The protocol and instruments were approved by the Institute de Investigation Nutritional ethics committee. Consents were verbal following an appropriate explanation. Individual names were only available to the project team.
Analysis of the data
Interviews
Transcriptions were reviewed and the contents summarized into thematic tables and matrices following the principal themes of the interview guide plus other themes identified during the interview or discussion of the results. Within each case, all thematic matrices were analyzed together to triangulate perspectives of all actors (girls, parents, teachers, health workers, and facilities) regarding the factors that facilitate or hinder vaccination feasibility and success. We used N-vivo®for the analysis. We identified direct quotations to illustrate a point and reinforce the findings of the analysis.
Survey
Survey questions were designed based on previous experience and piloted. We categorized the replies according to original predetermined statements amplified following the results of interviews.
Descriptive statistics of the prevalence of different reasons for vaccination, incomplete vaccination because doses were pending, discontinued vaccination and non-vaccination according to age and school grade were calculated.
Results
Household survey
The survey was undertaken between September and December 2015 and included 844households, with girls potentially candidates for the vaccine in the catchment areas of the selected health services. The girls' ages ranged from 9 to 15 years, the majority (65.8%)aged 10 or 11.In all regions and in both urban and rural areas there was a wide range of ages in each grade, for instance in grade 5 girls aged ranged from 9 to 15. Ten year old girls were in grades ranging from 2 The reasons for vaccination, refusal and discontinuation are discussed in the context of the interview results.
Interviews
Knowledge and attitudes to the HPV vaccination and the reasons for the failure to be vaccinated, or to complete the doses, were explored in the interviews and focus groups. The findings are arranged according to the hierarchy and timing of the processes involved in the vaccination campaign.
Processes involved in the vaccination strategy
Vaccine requirements, timing of doses and consequences for logistics and coverage Although at national level there was a Ministerial document with instructions about eligibility there were difficulties in calculating the requirement for vaccines. Unlike infant vaccines, health services do not have data on the number of eligible girls in their jurisdiction. Estimates were based on information from the National Institute of Information and Statistics but at local level the health regions calculated their vaccine estimates on the number of girls enrolled in 5th grade in schools. However, children do not necessarily attend school in the district where they live and others may not be attending school. In addition there were also problems calculating the vaccines required using school enrollment data as this information was often not available until up to2 months after the start of the school year. This information was necessary to order the vaccines from the Ministry in Lima, and so delayed the vaccine supply to health services.
Difficulty in establishing denominators also affected coverage reporting. Health facilities of ten estimated their coverage based on the number of returned consent forms resulting which left no available vaccine if additional girls were identified later.
Coordination with schools
Although health and education authorities had informed the schools, and in most cases schools were cooperative, in some cases they did not consider the vaccine a priority making coordination more difficult. The vaccine was to be offered in both State and Private schools but in the survey 20% of eligible girls had not been vaccinated because the vaccine was not offered in their school, usually a private school.
Ensuring opportunity: Reaching and completing the vaccination schedule in all eligible girls
Lack of opportunity was the most common reason mentioned by 46% of all parents in the survey and 53% of parents of fifth graders. Although eligible, 6.2% of girls in 5th grade were not vaccinated because they were considered outside the age range. The Directive stated that girls in 5th grade were eligible without specifying age. Girls, not in school, were considered eligible if aged 10y as this age should coincide with 5th grade. However, this is often not the case, especially in rural areas. The survey found a wide range of ages in different grades, for instance, of 260 10 year olds 59% were in 5th grade, 30% 4th grade and 4% 6th grade. Girls in 5th grade ranged from 9 to 15y. These circumstances created confusion and differences in interpretation of the directive among health personnel, so that in some cases 10 year old girls were vaccinated whether in 5th or 6th grade and in other cases some nurses had concluded that girls aged 9 or 11 were not eligible.
A late start to vaccination was a problem. In one region the first vaccine was sometimes not given until November making it impossible to complete the three doses within the school year. Other reasons for failure to complete doses were because girls did not return to the school the following year, particularly in rural areas and areas with high migration.
Girls aged 10-13 years who missed the school vaccination or had not completed doses, could be vaccinated in their local health center but in some cases, girls who were older than 10y or girls who had a boyfriends were denied the vaccine based on a misconception that there was a risk of side effects if the girl had started sexual relations.
There were discrepancies between health facilities and regions over vaccination in private schools, and in one region these were excluded, while in another the social security system assumed vaccination in these schools. The survey found 18% of 113 girls in 5th grade received no vaccine because they were attending excluded schools, mainly private schools.
The situation of children who do not attend schools in the district of residence was not clear, sometimes they were advised to request the vaccine from the health facility nearest to their home but others were vaccinated at school. Some girls had been refused the third dose in their health facility because the first two doses had been given in a school that was in a different health jurisdiction. Health personnel expressed their concern that they would run out of vaccines as they had calculated needs based on their local school requirement, others were concerned about lack of control over the number of doses the girl received.
In addition, the vaccine could only be administered once a completed consent was presented although in a few cases nurses, feeling pressurized, vaccinated in the absence of consent.
Nurses made return visits to the school to complete these vaccinations once they had consent but this added additional work and delays as well as increasing the number of times that the class was interrupted.
In the survey, 7% of parents of fifth graders reported that the girl had not been vaccinated because of lack of signed consent.
When girls were not present for the second or third doses, the health personnel were instructed to do domiciliary visits but in some cases difficulty finding the house meant that vaccination could not be completed.
Domiciliary visits were especially difficult in rural and sparsely populated areas because of the cost and time involved and because agricultural activities meant that children were often not at home. We found some evidence that health personnel prioritized urban schools over rural and in some cases decided not to visit a distant rural area which might take a day's journey with no guarantee that the girl would be present.
The survey also suggested that many girls did not complete the three doses during the school year and this resulted in incomplete vaccination, 18% of girls who had received their first dose had not received the second dose and parents of 52 fifth graders reported that their daughter had not completed the 3 doses. The most commonly mentioned reason was that the nurse did not return to the school (23%) followed by the girl not attending school on the day of vaccination (11.5%). In addition 34.6% mentioned that they did not know that 3 doses were necessary. Only 15.4% missed vaccines were for refusal, mostly for fear of side effects although only 1 girl reported an adverse event at the first dose.
Training, coordination and information received by the different actors in the vaccination strategy.
Health Personnel
In all three regions an information cascade had been planned starting from the Ministry of Health with presentations to the regional heads of immunization, with the intention that these would then train the vaccination staff in their regions, who would then inform teachers, parents and girls. This system had not been effective in reaching nurses and ancillaries who administered the vaccine who often had little, and sometime mistaken, understanding, of HPV infection, its role in cervical cancer and the importance of the vaccine.
There was variability in the training in the different regions. In one region a local NGO that specializes in cancer prevention had given additional help and provided a variety of attractive materials that were considered very helpful, however, this was unique, and mostly training was varied in content and with no, or very limited, audiovisual aids.
In all regions we interviewed staff who had not received any training, and in general there was a plea for more information and training, especially to ensure homogeneity in the information managed by health personnel.
Education Sector
HPV vaccination in schools required coordination with the education authorities and schools to provide information to teachers to motivate them as allies in the distribution of the consent forms and the organization of the vaccination.
There was no official planning committee between the Ministries of Education and Health at national level. At regional level coordination depended on the local institutions and was variable. In one region a memo was sent to the education authority informing and requesting their cooperation with facilitating the process in the schools, in another the nurses took advantage of a school health program to give a presentation about the vaccine.
There were mixed reactions from school heads and teachers. Some were unhappy about the interruption of classes and caused delays in the programming. Rapid turnover of staff was another complication.
There was also considerable variation in the information that class teachers received, sometimes the local nurse had visited and informed all involved, but in other cases teachers had received little or no information.
On the other hand, teachers' knowledge and positive attitude proved important for the vaccination and teachers who had been motivated by understanding the importance of the vaccine were influential in parents' decisions to allow their daughter to be vaccinated. However, others mentioned that they had felt they had insufficient knowledge to deal with parents' anxieties about the vaccine.
Parents and Girls
Girls could only be vaccinated with signed parental consent. Consent forms were distributed to girls, usually by the teachers at school meetings before the vaccination, and girls were required to produce the signed form before they could be vaccinated. This requirement was respected by the nurses and vaccination of girls without consent was deferred to a later date. This meant that nurses had to make a second or third visit to the school and occasionally were unable to vaccinate.
Ideally all parents of eligible girls would have received information about the vaccine and its role in preventing cancer of the cervix preferably from informed sources, but this was not always the case. Limitations included the difficulty of arranging meetings with parents especially if schools were reluctant. Also often few parents attended these meetings.
Nurses also found it difficult to make time because of other responsibilities, particularly when the health facilities had introduced an appointment system and the time available for leaving the health service was limited.
There was also a lack of materials to help with training. Sometimes the consent form was the main, and for parents, the only source of information. In general teachers had not received any materials.
In rural areas, particularly in jungle areas, additional difficulties included the logistics and cultural barriers of reaching and undertaking informational activities with schools and parents. In a few cases remote small communities with one or two girls were accorded low priority, or were just not included in the vaccination.
Girls usually received information from the nurses or teachers who felt that the information they could give, particularly in the case of teachers, was important in vaccine acceptance. Some interviewed girls also mentioned that it was the teachers who had explained about the vaccine but many felt that they had not been given sufficient information about the virus and the vaccine.
Communication about the vaccine
Overwhelmingly the motivation to have accepted the vaccination was to protect against cancer of the cervix, once parents had understood this they were in favor of the vaccination. Between 94% of parents of fifth graders mentioned this as the reason for accepting the vaccine. In most cases this information came from the nurses. There was a lack of media coverage about the HPV vaccination both at national and local levels with hardly any radio spots or local posters, and only some isolated examples where radio spots, developed by the Ministry of Health were transmitted. There was also a lack of communication materials such as fliers. Lack of funds at all levels, for example to pay for media space, was usually blamed for this.
The household surveys reflect the lack of information reaching the parents about the vaccine, 50% of parents of unvaccinated girls mentioned that were not vaccinated because of lack of information. Sometimes this was because the girls were not in the appropriate grade, but even when in grade 5, 39% of parents reported either received no information or not knowing that the vaccine existed. Together with lack of opportunity this was the main reason for not having received the vaccine.
On the other hand, there was also evidence of faith in the schools and health services that worked in favor of the vaccine, a tendency to accept that if the school or the health services offered a vaccine, then it was a good thing.
There was little large scale promotion, in one region there was an official inauguration with local authorities but publicity was not sustained. Some parents in one region mentioned hearing about the vaccination campaign on television, and as a result had taken their daughters to their local health facility but they had not received the vaccine as they were not in the correct age range.
The was also a NGO campaign, very localized, but it provides an example of what can be done as this educational campaign was mentioned by a number of interviewees.
We interviewed some local media who commented that they had not transmitted radio interviews or spots about the HPV vaccine except to comment on the number of people who had died of cervical cancer. National media coverage was limited to a few interviews with experts. Social media was a source of information mentioned by some of those interviewed.
Most health personnel interviewed felt that a national mass media campaign coinciding with each vaccine dose should be implemented and that this should be adapted to the sociolinguistic reality of their areas.
Vaccination process
Completion of the three doses
Each girl who was vaccinated had a vaccine record card to be completed at each vaccination. However it was common for girls to lose or forget these cards for the next dose, so nurses tended to retain the cards only giving them to the girls after the final dose. This presented problems when the girls missed the vaccination at school and presented at health services or were contacted in their homes.
Aware of the challenge of keeping track of the vaccination in school children, the Ministry of Health designed a web based system to track individual's vaccination status. Children in Peru should all have a unique document with an identification number. At the time of vaccination the information was recorded by the nurse on worksheets which were then sent to the immunization service of the regional health service and data entered. The girl's name should match with the DNI but sometimes there was misspelling, incorrect DNIs or incomplete information resulting in missing data. Nurses could access the system but not make changes and correct errors, and there were complaints that this. The delays in data entry meant that the system was of limited help with the follow-up of partially vaccinated girls. Nevertheless there was recognition that this sort of tracking system was necessary to counteract the problems of migration.
Failure to complete the three doses
The main reasons for incomplete doses was lack of understanding that 3 doses were necessary, and lost opportunities, for instance the nurse did not return to the school (23% of 52 5th graders) or the girl did not attend school on the day of the vaccination (11.5%). In addition 34.6% mentioned that they did not know that 3 doses were necessary, only 15.4% were for refusal, mostly for fear of side effects although only 1 girl was reported to have had an adverse event at the first dose.
Refusals
A search of internet revealed a large number of sites that contain alarming information warning of side effects of vaccines in general and the HPV vaccine in particular. We asked a general question in the household survey about the reason for not receiving the vaccine and this was also discussed in interviews, and although some individuals mentioned the adverse mass media coverage, we found little evidence that parents, teachers or health personnel were influenced to refuse or oppose the vaccine because of this information. Only 16 of 47 parents who had refused vaccination mentioned adverse information as a reason.
On the other hand, the main concern expressed by parents and also some teachers was fear of side effects. Some parents mentioned that they preferred to wait until their child was older and their reproductive system more developed. Sterilization was one of the most commonly expressed fears in interviews, but rarely in response to the open question in the survey (2 parents). Interviewees commented that refusals were often related to previous adverse experiences or negative perceptions about vaccines, specifically health personnel mentioned fear that the vaccine would cause sterilization; that it would induce the girls to be precociously sexually active; that it would produce fever and convulsions and that the vaccine was "experimental" because it was new, and occasionally there were doubts about the quality of the vaccine because it was given by the government. However, although fear of sterilization was mentioned by health personnel and teachers, it was rarely specifically mentioned by parents when asked why their daughter had not been vaccinated, and only 7 parents expressed a lack of confidence in the health services.
Health personnel commented that when given more information, especially when it was understood that the vaccine was to prevent cancer and that an otherwise expensive vaccine was being offered free, acceptance was high.
For girls the principal fear of vaccination was the injection. If the girls were not convinced by the health advantages and were still fearful nurses had developed strategies to overcome this, for instance leaving the fearful girls until last when, having seen their classmates vaccinated without problems, they usually agreed to be vaccinated. Some nurses also taught the girls how to relax their arms prior to injection, a feature of the demonstration project in Piura.
Overall, we found relatively little evidence of vaccine refusal both in interviews and in the survey. There were some cases where parents mentioned fear of vaccines in general but in these cases nurses had opted to talk directly to parents and had succeeded in convincing them.
Discussion
Clinical trials have unequivocally shown the efficacy and safety [11] of HPV vaccines in reducing HPV infections, and encouraging results are emerging on the prevention of the cervical lesions that are precursors to cancer of the cervix [2] .The acceptability and uptake of the vaccine have been extensively studied in many countries [7] and show that it is possible to reach very high vaccine coverage rates. Fear about the vaccine, especially that it might cause sterilization, and the possibility that it will encourage promiscuity are often reported as being a potential problem but, when parents are adequately informed, especially by personnel in whom they trust, acceptance and uptake of the vaccine is very high [12, 13] .
The challenge now is to reach and vaccinate girls before sexual debut and exposure to the virus particularly in those countries with the highest rates of cervical cancer, which includes Peru where 1715 women die annually of cervical cancer [1] .
School based vaccination has been the preferred choice where most girls attend school and studies in North America, Australia and the UK have shown high uptake and better coverage than health system based strategies [7, 12, 14] . LMIC countries have been slower to introduce the vaccine but school-based vaccination demonstration studies in Peru, Brazil, Uganda, India, Vietnam, and a clinical trial in Tanzania have been promising [10,13,15 and 16] although most of these studies have been mainly or exclusively or in urban areas. These demonstration studies have shown high uptakes but have had the advantage of additional supervision and support. A review [17] of the Gardasil access program that supported pilot vaccination in 21 national programs of which 12 included school-based programs also reported high vaccine uptake rates.
These studies have also highlighted the potential challenges facing school based programs; for instance not all adolescents are in school [18] , absenteeism and parental refusal are reported albeit in a minority girls [16] , migration and scattered sparsely populated areas are particularly challenging in rural areas [10] . School based vaccination may also increase the work load of health personnel [12] .
The studies have also identified additional factors important in achieving high coverage. In Brazil this included the "mopping up" arrangements and 20-26% of doses were "rescue vaccination" [15] . In some countries vaccination through health services has also been successful, for instance in Vietnam and Mexico [14] so that a combined approach may offer the best alternative.
Only one other country, Rwanda, outside the Gardasil access program has published their experience of national introduction of HPV vaccine. They achieved a very high coverage (93%) with a school based strategy aided by strong political advocacy and coordination with community workers [19, 20] .
This observational study is one of the first to describe the challenges of implementing a national school-based vaccine program in a LMIC country without outside support and with a diverse geography but high rates of school attendance.
We identified a number of challenges relevant to other countries establishing HPV vaccination though schools. It is important that all schools including private and religious schools participate or alternative strategies are in place for these girls. Some Catholic schools refused to allow HPV vaccination in Ontario when school based vaccination was first introduced [21] and in Tanzania 3 private schools refused to participate [16] . In our study a significant number of girls were not vaccinated because the vaccine was not offered at their school. This was a result of lack of clarity over the policy with regard to private schools in this particular campaign, and has since been corrected, but it is clear that there needs to be a specific policy decision regarding schools outside the public sector.
We showed that lack of information was a major reason for failure to be vaccinated. Studies have emphasized the importance of information [22, 23] and this was a weakness of the campaign in 2015 in Peru when mass media strategies were absent for most of the time. Previous studies [8,24,25 and 26] have emphasized the importance of information and how when information leads to knowledge, coverage rates increase. In a school based study the information received by teachers as well as parents is important. We found that this was variable and there was a general absence of promotional material which would have helped the task of the vaccine nurses and teachers. Anecdotal results of the interviews in Cusco suggest that the materials provided by an NGO were very helpful in promoting the vaccine and this is in keeping with the results of demonstration projects.
We found little evidence, that girls, families had received any information from the media even though there were radio spots, and some materials designed for the purpose. Community involvement has been described to have facilitated vaccine uptake rates but not vaccine acceptance in the GAP countries [17] and other studies also report the benefits of mobilizing community workers and civil society to motivate vaccine uptake [12] . Two community based programs in Peru [27, 28] that linked cervical cancer screening with reinforcement of HPV vaccine also reported that community engagement facilitated the vaccination program.
In other countries [29] negative media reports was reported to have created confusion and concern but in Peru we found only sporadic examples where information on internet had adversely influenced parents and/or girls decisions. Nevertheless the threat of adverse reporting is always present especially if unexpected adverse events occur. On the first day of the HPV vaccine demonstration in Piura [10] an unexpected unrelated adverse event occurred that was potentially damaging to the campaign but thanks to an innovative motivational training that had convinced journalists of the benefits there was no adverse media coverage (personal communication).
We encountered many cases of incomplete vaccinations often because the third dose was not completed within the school year, a problem also mentioned by others [12] and it is clearly advantageous if the full vaccine course is completed during the school year. Although current vaccine schedules only require 2 doses [30] the time interval between the first and last dose remains 6 months, and when the school year is 9 months, as in Peru, this is challenging. In this study the inability to complete the vaccination was mostly attributable to late start of vaccination due to delays in completing the register of girls matriculated which then delayed the ordering and arrival of the vaccine. It is desirable to avoid wastage but any strategies that increase availability of the vaccine in sufficient amounts to cover the estimated needs while not risking vaccine expiry dates would be helpful. In Peru there are reliable cold storage facilities with temperature monitoring so that allowing a degree of overestimation of demand would not necessarily risk wastage.
We identified a wide range of ages in school grades and this compounded confusion as to the eligibility by age or grade. A similar situation was reported in Uganda [31] . A study in Tanzania [16] and a review [7] concluded that grade based vaccination was associated with higher coverage and completion. In general grade rather than age also involves fewer teachers and easier follow-up [32] but makes it even more important to complete vaccination within the school year as girls may not necessarily pass to the next grade or may change school and be missed [7] .
The consent process also caused delays, as girls could not be vaccinated without signed consent. This problem is discussed in other reviews [33] that emphasize that the content of the form and timing of distribution are important but considerable effort by teachers and vaccinators may be needed to obtain a high rate of returned forms. There is a need to test alternative ways of informing and obtaining the consent of parents, for instance consenting at the time of matriculation or other opportunities when parents have to go to the schools. In 2017 the Peruvian Ministry of Health published the consent form together with information about the vaccine in national newspapers as an additional strategy to overcome these difficulties. Some countries have introduced opt-out consent procedures that have increased coverage for vaccination accessed 25 Feb 2018).
Migration and attendance at schools outside the girl's residential district add logistic complications and additional work burden to the follow-up of girls who missed doses. In these context web-based national information systems, as was developed in Peru, have potential but are not necessarily straight forward. A system for correcting errors needs to be in place, and the information needs to be available to all potential users. Some of the problems with the system in Peru could be attributed to "teething problems" and will be improved but it is clear that a form of tracking system is necessary particularly if there is a mixed offer of school and health service vaccination. Giving vaccine certificates or cards was not efficient as they got lost. In some places community involvement has helped with follow-up but these programs were effective in relatively localized settings.
Strengths of the study
The study was informed by mixed methods: interviews of a variety of actors in three very different contexts and a household survey to reach parents and get firsthand information on reasons for non-vaccination. We suggest that this provides helpful information for other countries/health services organizing vaccination of school aged children
Weaknesses of the study
We only included 3 areas of the country and within the regions, districts that were selected by the health services as contrasting relatively high and low coverage. Our survey was not designed as a coverage survey but as a complement to the qualitative methods designed to capture the range and extent of barriers to vaccination and the perceptions of parents.
Conclusion
We describe some of the factors that facilitated vaccination and the barriers that contributed to non-vaccination and incomplete doses in nationally implemented school based vaccination strategy.
The main barriers were lack of information and lack of opportunity. Publicity stressing the health benefits, safety, and importance of three doses given by an informed and motivated media that will reach parents and children is needed at the beginning of the campaign [30] . In the few cases of refusal by the adolescent girls fearful of injection pain relaxation exercises can help reduce this and are simple to teach (personal communication).
We have identified that there were many logistic challenges and difficulties in organizing and completing the vaccination in a school based system, In particular the problems of accurately determining, at the beginning of the school year, the number of vaccines needed and organizing parental consent result in delays in the start and makes it difficult to complete the doses when the gap between doses is 6 months within a 9 month school year.
Coordinating with the schools so that opportunities such as school matriculation or other occasions when parents necessarily have to visit the school might have helped ensure that consent did not delay the vaccination.
Even if there can be a timely start to vaccination it likely that there will be a need for back up or "mopping up strategies" as was described in Mexico [15] . It will be necessary to maintain the possibility of health service vaccination. In a mixed system the ability to identify which children have been vaccinated and with how many doses is challenging. Community engagement, where possible, can be harnessed to increase vaccine coverage and completion but may not always be available. Web based systems such as that developed for the HPV vaccination in Peru may be possible but only in countries where children have unique identification documents.
We have described some of the successes and difficulties of implementing a school-based strategy for HPV vaccine in a middle income Latin American country. Some of the difficulties are already being addressed in Peru but we believe that the experience of this campaign is relevant to other governments facing the challenge of implementing this life saving vaccine in the countries where it is most needed.
